Aim: This study was aimed at the isolation, partial purification and characterization of peroxidase from low cost material, Calotropis procera leaves. Materials and Methods: Partial purification of crude enzyme extract was done by ammonium sulfate precipitation followed by dialysis against Tris-HCl buffer. Peroxidase activity was measured spectrophotometrically. Results: It was observed that after partial purification, the enzyme specific activity was increased as compared to crude enzyme extract. Peroxidase from Calotropis procera leaves was purified up to 2.04 fold with specific activity of 2.68 U/mg after dialysis. The partially purified peroxidase displayed optimum activity at temperature 50°C and pH 6.0. The kinetic data shows that guaiacol is a better Mafulul et al.; JABB, 18(1): 1-10, 2018 , Zn 2+ ) and EDTA exhibited strong inhibitory effects on the Calotropis procera leaves peroxidase. Conclusion: It is more evident that Calotropis procera leaves are a good source of peroxidase. It is therefore, concluded that further purification and full biochemical characterization of this enzyme may serve as a promising option to be explored for industrial purposes.
INTRODUCTION
Peroxidases (E.C. 1.11.1.7) are ubiquitous enzymes, widely distributed in plants, microorganisms and animals [1, 2] . They are versatile biocatalyst capable of oxidizing a broad variety of organic compounds including phenols, aromatic amines, indoles, and sulfonates using hydrogen peroxide as the oxidant [3, 4, 5] . In plants, they serve many functions, including lignification, suberization/wound healing, protection against pathogen attack, and the scavenging of damaging hydrogen peroxide from the cell [6] . The applications of peroxidases span the bioscience and biotechnology spectra, ranging from bioremediation and biocatalysis through to diagnostics and biosensors to recombinant protein expression, bioinformatics, and even to therapeutics [3, 7] . Peroxidase has numerous industrial applications which include decolourization of waste [8] , and remediation of waste water containing phenolic compounds [9, 10] .
Presently, Horseradish (Amoracia rusticana) roots is used as the major commercial source of peroxidases for industrial applications such diagnostic, biosensing, and biotechnological applications because of its high stability in aqueous solution [11] . Thus, there is need for a continuous research in search of novel peroxidase for various industrial and biotechnological applications. Therefore, numerous studies have been carried out in search for alternative source of peroxidase with low cost, higher stability, availability, degree of purification and substrate specificity. Peroxidase has been purified and characterized from different plant sources in search of an alternative novel enzyme, e.g. Moringa oleifera leaves [12] , oil palm leaf [13] , apple [14] , vanilla bean [15] , etc.
Calotropis procera belongs to the family Asclepidaceae and it is distributed in tropical and subtropical region of Asia and Africa. It is a wellknown plant for its multifarious medicinal properties [16] . Different parts of leaves, roots, flowers and latex from this plant are used in several medicinal preparations [17] . Furthermore, the root bark and leaves of Calotropis procera were used by various tribes of central India as a curative agent for jaundice [18] . The chloroform extract of the root has protective activity against carbon tetrachloride induced liver damage [19] . The milky white latex of this plant exhibit potent antiinflammatory, analgesic and weak antipyretic activity in various experimental models [20, 21] . It was also reported to possess antioxidant and anti-hyperglycemic property [22] and there is an empirical relationship between antioxidant property and residual peroxidase activity. The leaf of Calotropis procera is a natural coagulant used traditionally in waste water treatment and it has also been reported that Calotropis procera leaf is effective in removal of environmental pollutant, polyphenolic crystal violet dye from aqueous solution of textile effluent [23] , which is suspected to be attributed to the presence of peroxidase in Calotropis procera leaf which oxidized phenols to phenoxy radicals. Therefore, this study seek to isolate, partially purify and characterize peroxidise as antioxidant enzyme from Calotropis procera leaf which may offer a low cost peroxidase biocatalyst for industrial applications such as treatment of industrial waste water containing phenols and aromatic amines and organic synthesis.
MATERIALS AND METHODS

Materials/Reagents
The fresh leaves of Calotropis procera was collected from Toro L.G.A of Bauchi State. Ammonium sulphate, Ciocalteu reagent, bovine serum albumin, guaiacol/ 2, 2'-Azino-bis (3-Ethylbenzthiazoline-6-Sulfonic Acid) [ABTS] , and hydrogen peroxide were obtained from SigmaAldrich. All other chemicals used in this study were of research grade and obtained from commercial sources.
Methods
Crude extraction
Peroxidase was extracted from Calotropis procera by the method of [24] with slight modifications. 50 g of healthy leaves of Calotropis procera were thoroughly washed with distilled water. The leaves were homogenized with 200 ml of 0.1 M Tris-HCl buffer, pH 7.5 in an Akia homogenizer for 5 to 10 minutes. The homogenate was filtered using a cheese cloth arranged in three folds to remove suspended particles. The filtrate was centrifuged at 10,000 g for 15 minutes at 4°C using refrigerated centrifuge to remove cell debris. The supernatant will be removed carefully from the sediments and filtered through Whatman No 1 filter paper to get clearer crude soluble Calotropis procera leaves enzyme extract.
Thermal treatment
To selectively inactivate the contaminating traces of catalase moieties, crude enzyme extract was heated at 65°C for 3 min in a water bath and cooled promptly by placing it in ice bucket for 30 min [25] . After thermal inactivation, the final extract was preserved at 4°C until further use.
Protein and enzyme assay
Total protein concentration was determined by the method of [26] using bovine serum albumin as the standard.
Peroxidase activity was measured spectrophotometrically with guaiacol/ 2, 2'-Azinobis(3-Ethylbenzthiazoline-6-Sulfonic Acid) [ABTS] as substrates according to the method of [27] with slight modifications. To 2.5 ml of 0.1 M Tris-HCl buffer solution (pH 7.5) 100 µl of crude enzyme extract and 200 µl of substrate (guaiacol) were added. The reaction was initiated by addition of 200 µl 30% of hydrogen peroxide and the absorbance was read at (470 nm for guaicol and 315 for ABTS) every 30 second interval up to 3 minutes. Peroxidase activity was determined at each stage of purification.
Ammonium sulphate precipitation and dialysis
Ammonium sulphate was added to the crude enzyme extract until it was 85% saturated and kept for 4 hours at 4°C for complete precipitation.
The resulting precipitate was collected by centrifugation at 10,000 g for 15 min at 4°C. After centrifugation, the supernatant was removed and sediment was dissolved in small amount of buffer in which the enzyme was originally extracted.
The solution was kept in a dialysis bag after sealing securely, and dialyzed against 0.1 M Tris-HCl buffer solution (pH 7.5) for 8 hours with four regular change of the buffer after every 2 hours interval. The dialyzed enzyme was used as partially purified peroxidase to carry out further analysis.
Kinetic constants/substrate specificity
In order to determine the kinetic parameters (K m and V max ) of the peroxidase, activity was measured at varying substrates concentrations (0.5-3 mM) of two well-known peroxidase substrates: (guaiacol/ABTS) with a suitable amount of purified enzyme, and H 2 O 2. From the data, the kinetic parameters of the partially purified peroxidase using the two substrates were calculated from the equation of straight line (Lineweaver-Burk).
Determination of optimum pH
The optimum pH value for the peroxidase activity was determined by assaying for enzyme activity at varying pH values, using the following buffers: 0.1M glycine-HCl buffer (pH 4.0 to 5.0), 0.1M phosphate buffer (pH 6 to 7) and 0.1M Tris-HCl (pH 8.0 to 10).
Determination of optimum temperature
The optimum temperature of the peroxidase activity was determined by assaying enzyme activity at different temperatures from 10 to 100°C at pH 6.0. Temperature was controlled by using water bath.
Determination of effect of chemicals and metal ions on peroxidise activity
The effect of metal ions/chemicals on peroxidase activity was determined by pre-incubating the enzyme with varying concentrations ( 
Statistical Analysis
Data was expressed as mean values of three replicates. All calculation and data analysis was done using Microsoft excel.
RESULTS AND DISCUSSION
The results of peroxidise purified from Calotropis procera leaves is summarized in Table 1 . The ammonium sulfate fraction obtained at 85% showed maximum activity. This primary purification step resulted in 1.613-fold purification of peroxidase from the crude extract. Following ammonium sulfate precipitation, the enzyme was dialyzed with the dialyzed fraction having 2.04 purification folds.
In order to determine the substrate specificity, kinetic studies were carried out under standard conditions using guaiacol and ABTS as substrates. Figs. 1 and 2 showed the LinweaverBurk plot using guaicol and ABTS respectively. Apparent Km and V max values were 3.567 mM and 432.78 mM/min respectively for guaiacol as a substrate as shown in Table 2 . Whereas, the Km and V max of peroxidase were 3.84 mM and 400.00 mM/min respectively for ABTS as a substrate. The turnover rate of guaiacol by Calotropis procera leaves peroxidase was higher than that of ABTS as a substrate and the affinity of the partially purified enzyme towards guaiacol was higher than ABTS. However, the Km values are higher than the ones reported by [28] for spring cabbage peroxidase and [12] for Moringa oleifera leaves peroxidase.
Calotropis procera leaves peroxidase maintained above 50% over a temperature range of 20-70 with optimum temperature 50°C (Fig. 3) . The optimum temperature is in agreement with the earlier reports of [12] for Moringa oleifera leaves peroxidase. Optimum activity was also reported at 55°C by [29] from the soft stem of Leucaena leucocephala peroxidases The enzyme activity increased sharply and reaches peak at temperature of 50°C and declined gradually with near or total loss of activity at temperature of 90-100°C which indicates loss in conformational structure of the enzyme. Calotropis procera leaves peroxidase has an optimum activity at pH 6.0 as showed in Fig. 4 . A rapid decrease in activity was observed on either neutral or extreme acidic side of the pH. There was near or total loss of activity at the basic side of the pH. This is in agreement with the previous reports of [12] for Moringa oleifera leaves peroxidase. Also, similar optimum was observed for peroxidase from capaifera longsdorffii leaves [30] . 
CONCLUSION
Due to the abundance and availability of fresh leaves of Calotropis procera plant in Nigerian habitat and with availability of advance purification method, this plant may provide a very cheap source of peroxidase for bioremediation of phenolic pollutants in industrial waste such as oil spill in the Niger Delta of Nigeria. It is therefore, recommended that full industrial purification and stability studies of Calotropis procera leaves peroxidise be carried out as Calotropis procera may provide potential alternative peroxidase that can compete with commercially available peroxidases for industrial and biotechnological applications. Peroxidase Activity (mM/minuyes)
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